The frequency of sister chromatid exchange (SCE) in patients with gastric cancer is significantly higher than that in normal individuals; however, their characteristics have not been studied. In present study, we analyzed the correlation between the cytogenetic instability of gastric cancer patients' peripheral lymphocytes with or without hypoxia and the characteristics of gastric cancer patients. The primary lymphocyte cultures obtained from blood samples of 40 healthy donors and 69 patients with gastric cancer were examined using SCE. The average of SCE frequency in gastric cancer was 5.91 ± 2.03/cell and the SCE phenotype was not associated with gender, tumor grade, Lauren classification, and H.pylori infection. Hypoxia increased the SCE frequency as compared with normoxia, in both the control and gastric cancer lymphocyte cultures (P < 0.001). The hypoxic effect in gastric cancer was not associated with gender, tumor grade, Lauren classification, and H.pylori infection. In conclusion, hypoxia did not facilitate an increase of SCE in the lymphocytes of the gastric cancer.
Introduction
Gastric cancer, as a leading cause of cancer death, is the most common malignancy in Korea (Parkin et al., 1993) . Its carcinogenesis was ranged from chronic gastritis to atrophy, intestinal metaplasia, dysplasia, and finally invasive cancer (Leung et al., 2000; Correa & Shiao, 1994) . Because this process is strongly involved with genetic instability, various studies related to genetic instability have been conducted by many authors (Lengauer et al., 1998; Lee et al., 2002; Habano et al., 2000; hamamoto et al., 1997; Zaky et al., 2008; Kobayashi et al., 2000; Jeong et al., 2010) . For simplicity, genetic instability can be classified into chromosomal instability (CIN) and microsatellite instability (MSI), which is occurred at the chromosomal and nucleotide levels, respectively. According to these studies, genetic instability affects the clinicopathological features and the prognosis of the cancer.
Hypoxia is a key regulatory factor in many diseases such as certain forms of cancer and cardiovascular diseases (Harris, 2002; Hockel & Vaupel, 2001 ). Many attentions have been focused on hypoxia, and especially in tumor as a tumor microenviromental factor (Reynolds et al., 1996; Huang et al., 2007; Papp-Szabo et al., 2005; Bindra & Glazer, 2005) . To elucidate the role of hypoxia, it is extremely helpful to study the effect of hypoxia not only in cancer cell but also in normal cell. Our previous study demonstrated that hypoxia itself increased DNA damage in the lymphocyte of healthy populations by using sister chromatid exchange (SCE) . SCE can detect the cytogenetic damage by genotoxic agents or environmental agents (Carrano et al., 1978; Solomon & Bobrow, 1975) . A significant increased number of SCEs has been previously reported in patients with various cancers, including gastric cancer (Park & Kim, 1999; Roy et al., 2000; Cortés-Gutiérrez et al., 2000; Aristei et al., 2009 ). However, there has been no study that has examined the relation between the clinicopathological features of gastric cancer patients and the SCE pattern.
In this study, we analyzed the correlation between the cytogenetic instability and the characteristics of gastric cancer patients. We then examined whether hypoxia can lead to conditions that increase DNA damage of the peripheral lymphocytes of gastric cancer patients.
Materials and Methods

Patients
The Division of General Surgery at Dongsan Medical Center provided whole heparinized blood samples from 69 patients with gastric cancer. The characteristics of the patients are summarized in Table 1 . The patients had no history of chemotherapy, radiotherapy or chronic infection. The regional institutional review board (IRB) approved this study and informed written consent was obtained from all the individuals involved in the study. Intestinal 34
EGC, early gastric cancer; AGC, advanced gastric cancer
Cell Culture and the Hypoxic Condition
1.0 mL of blood sample was cultured in 9.0 mL of RPMI 1640 medium with 10% fetal bovine serum (Hyclone, Utah, USA). The lymphocytes were stimulated by phytohemagglutinin (PHA-M, Gibco, Scotland, UK). Hypoxic cultures were placed at 37 °C in a humidified atmosphere of 92% N2/5% CO2/3% O2 using controlled atmosphere incubator (ASTEC, Fukuoka, Japan). Exposure groups were divided according to exposure time (12 and 24 hours)
Sister Chromatid Exchange Assay
The methods used for the SCE test were as previously described with minor modifications . The cultured cells were incubated for 72 hr and 10 μg/mL 5-bromodeoxyuridine (BrdU, Sigma, USA) was added after 24hr. 10 μg/mL colcemid (Gibco, UK) was added for the final 2 hr. Cells were harvested by hypotonic treatment (0.075 M KCl) for 10 min at 37°C and fixation in 3:1 methanol and acetic acid. cell suspension was dropped onto slides and the Höechst-Giemsa stain was performed. The SCE of the lymphocytes was microscopically examined and counted by using a Zeiss Axioskop and the Cytovision Computer-Assisted Karyotyping System (Applied Imaging, Santa Clara, CA, USA). 30 well-spread second division metaphases were analyzed for each donor. The results were calculated as the mean number of SCEs (SCEs/cell).
Statistical Analysis
The statistical analysis of the experimental values was performed by Student's t-test.
Results
SCE Frequency in Gastric Cancer
The SCE frequency was examined in 69 patients with gastric cancer and this is summarized in Table 2 . The average (mean ± SD) SCE level in gastric cancer was 5.91 ± 2.03/cell. The SCE phenotype was not associated with gender, the tumor grade, Lauren's classification, and H.pylori infection (Table 3) . 
Effect of Hypoxia on the SCE in Gastric Cancer Patients
Two different exposure periods (12 and 24 hr) were evaluated to determine the genotoxic and cytotoxic effects of hypoxia on the peripheral lymphocytes of the gastric cancer patients in vitro. The mean SCE frequencies of the control group and the two exposure groups with 69 subjects are presented in Table 2 . Hypoxia significantly increased the SCE frequency at both exposure periods compared with the normoxia in both the control and gastric cancer groups (P < 0.001). The average (mean ± SD) SCE level under hypoxia for 12 and 24 hr was 6.88 ± 1.71/cell and 7.11 ± 1.74/cell, respectively. However, these frequencies showed no statistical difference. The SCE response to hypoxia in the gastric cancer was not associated with gender, the tumor grade, Lauren's classification, and H.pylori infection (Table 3) .
Discussion
This study investigated the clinicopathologic implications of sister chromatid exchange (SCE) in gastric cancer and the responses to hypoxia. A similar rate of increase in the SCE frequency was found between the control and gastric cancer groups. However, these results were not associated with gender, the tumor grade, Lauren's classification, and H.pylori infection.
SCE has generally been investigated in various toxicological studies, yet the recent SCE studies have focused on various cancers. In ovarian cancer, the SCE frequency was higher than that in control, and its frequency was correlated not with the stages of the cancer, but with the CA 125 level (Baltaci et al., 2002) . Many authors have showed increased SCE in cervical cancer although some results had no statistical value because of the small sample size (Cortés-Gutiérrez et al., 2000; Murty et al., 1986; Lukovic and Milassin, 1992; Dhillon et al., 1996; Yokota et al., 1989) . Breast cancer patients also showed an increased frequency of SCE in a couple of previous studies, and this increased SCE had clinical and genetic significances (Roy et al., 2000; Aristei et al., 2009) . Increased SCE was also found in gastric cancer and an H.pylori dependent increase has also suggested (Park and Kim, 1999; Karaman et al., 2008) . Base on previous results, we investigated the SCE frequency in 69 gastric cancer patients. We confirmed there was an increased frequency of SCE in gastric cancer and this in agreement with the previously reported results (Park & Kim, 1999; Karaman et al., 2008) .
Various stimulants and chemicals have been introduced as SCE inducers, including hypoxia Carrano et al., 1978; Solomon & Bobrow, 1975) . Considering the importance of hypoxia in cancer, we examined the cytogenetic effect of hypoxia in gastric cancer. Based on our previous results , the lymphocytes from gastric cancer patients were exposed to hypoxia for 12 and 24 hours, respectively. In the gastric cancer, the increased rate of SCE by hypoxia was similar to that in healthy people ( Table 2 ). The two exposure groups showed no statistical difference, indicating no significance of the exposure time of hypoxia. This result suggested that hypoxia does not facilitate increased SCE in gastric cancer. In our preliminary study (n=36), the SCE frequency by hypoxia was significantly different according to the tumor grade (data not shown).
To precisely investigate the genetic characteristics of gastric cancer, 33 cases were additionally examined. However, the SCE frequencies in the early and advanced gastric cancers were not significantly different and this result suggested that cytogenetic status in the early and advanced gastric cancer was similar.
The other clinical characteristics, including gender, the Lauren classification and H.pylori infection, were not related to the SCE frequency in both the normoxic and hypoxic statuses. The relation between gastric cancer and the clinical characteristics, except H.pylori infection, has not been studied using SCE. Karaman et al. (2008) described that gastric cancer and patients with H.pylori infection (9.20 ± 0.94/cell) had a higher SCE frequency than those without H.pylori (7.41 ± 1.36/cell). In gastritis, H.pylori eradication therapy (5.84 ± 1.52/cell) decreased the SCE frequency compared to that of the presence of H.pylori infection (8.94 ± 2.01/cell) (Gulten et al., 2002) . In our present study, our results showed no association between the SCE frequency and not only gender, the tumor grade and Lauren's classification, but also H.pylori infection in gastric cancer. There was no SCE difference between early and advanced gastric cancers, indicating their similar cytogenetic status. This result suggested that SCE may be early event in gastric carcinogenesis. To prove the role of H.pylori infection in gastric carcinogenesis, further prospective studies on large samples with and without H.pylori infection are necessary.
In conclusion, we confirmed the cytogenetic characteristics in gastric cancer using the SCE method. Hypoxia increased the SCE frequency in the lymphocytes of the gastric cancer patients, yet it may not be an accelerating factor of cytogenetic instability. Considering the critical role of cytogenetic instability in gastric carcinogenesis, the SCE pattern should be investigated in all the multi-step processes of gastric cancer.
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